The aqueous surfactant (Surf) solution at [Surf] > cmc (critical micelle concentration) contains flexible micelles/nanoparticles. These particles form a pseudophase of different shapes and sizes where the medium polarity decreases as the distance increases from the exterior region of the interface of the Surf/H 2 O particle towards its furthest interior region. Flexible nanoparticles (FNs) catalyse a variety of chemical and biochemical reactions. FN catalysis involves both positive catalysis (i.e. rate increase) and negative catalysis (i.e. rate decrease). This article describes the mechanistic details of these catalyses at the molecular level, which reveals the molecular origin of these catalyses. Effects of inert counterionic salts (MX) on the rates of bimolecular reactions (with one of the reactants as reactive counterion) in the presence of ionic FNs/micelles may result in either positive or negative catalysis. The kinetics of cationic FN (Surf/MX/H 2 O)-catalysed bimolecular reactions (with nonionic and anionic reactants) provide kinetic parameters which can be used to determine an ion exchange constant or the ratio of the binding constants of counterions.
INTRODUCTION
The study of nanoparticles or nanomaterials has now become at the forefront of research [1] . Aqueous surfactant monolayer aggregates (known as micelles) and bilayer aggregates (known as vesicles) are flexible nanoparticles (FNs) which have been known for more than 100 years [2] . FNs are formed when amphiphile/surfactant molecules are dissolved in water as solvent. Such nanoparticle formation does not involve covalent bonding. Instead, it involves primarily noncovalent hydrophilic, hydrophobic and steric molecular interactions. The structural features, as well as physicochemical effects of these FNs on reaction rates, have been extensively studied for nearly eight decades [3] [4] [5] . These studies led to the emergence of several kinetic models which reveal the complexity associated with the attempts to provide a quantitative explanation for micellar catalysis of reaction rates [5] . Catalysis is an area of tremendous interest because of its importance in both biological and industrial reactions. Unusual specific counterionic salt effects on both biointerfacial and nonbiointerfacial catalytic processes have been known for several decades and thousands of papers have been published. However, the forces contributing to specific ion/salt effects a CTABr and CTASAL, cetyltrimethylammonium bromide and cetyltrimethylammonium salicylate respectively [23] . b Obtained from ref. [24] and ref. [25] . c CTA2-ClBz and CTA2,6-Cl 2 Bz, cetyltrimethylammonium 2-chlorobenzoate and cetyltrimethylammonium 2,6-dichlorobenzoate respectively [26] . d TTA2-FBz, TTA3-FBz and TTA4-FBz, tetradecyltrimethylammonium 2-fluorobenzoate, tetradecyltrimethylammonium 3-fluorobenzoate and tetradecyltrimethylammonium 4-fluorobenzoate respectively [27] .
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CATALYSIS
A simple definition of a catalyst is 'an atom or a molecule or a molecular segment of a macromolecule or a molecular aggregate that changes the rate of a reaction without being consumed during the course of the reaction'. Thus, a catalyst can be reused until the completion of the same reaction. The general classification of catalysis is generally based upon the apparent mechanism of catalysis. This is explained in detail elsewhere [5] . Within the domain of the fundamental definition of catalysis/a catalyst, all the nonfunctional interfacial-or micellaraffected reactions or reaction rates should be considered as catalysed reaction processes. Such catalysis may be called positive or negative catalysis if the catalyst increases or decreases the rate of reaction compared with the rate of the same reaction in the absence of catalyst. The rates of almost all nonfunctional micelle-catalysed reactions are affected by the characteristic micellar medium including ionic strength (for ionic micelles only) effects, different locations of reactant molecules (for bimolecular reactions) within the micellar pseudophase and the distribution of reaction ingredients in the aqueous phase and micellar pseudophase. A nonfunctional micelle is made up of nonfunctional surfactant molecules whose headgroups are nonreactive towards the reactions. The characteristic medium property of a micelle depends upon the structural features of the micelle.
Surface/interfacial/micellar/flexible nanoparticle catalysis
Kinetic study constitutes the best experimental method to quantify the catalytic efficiency of a catalyst for a catalysed reaction. Micelle/FN-catalysed reactions form one of the various catalytic research fields where kinetics have been used extensively [3] [4] [5] [32] [33] [34] . Although aqueous surfactant solutions have been known to contain micelles/FNs since the turn of the 20th century, the first two papers describing the systematic kinetic study involving the effects of micelles/FNs on reaction rate appeared in 1959 [35, 36] 
The value of cmc (critical micelle concentration) was determined by iterative and graphical techniques which gave cmc as 0.2 mM [37] . [40] . Nucleophilic reactions of primary and secondary amines with PS -involve intramolecular general base assistance and the detailed mechanisms of these reactions have been described elsewhere [41, 42] . The presence of micelles generally affects the rates of reactions without changing their aqueous phase reaction mechanisms. Spectrophotometric evidence [43] revealed the presence of a nearly 100% PS -in the presence of 5-60 mM NaOH. The rate of hydrolysis is negligible compared to that of piperidinolysis of PSin the presence of < 60 mM NaOH and 100 mM Pip [44, 45] . In view of these observations, a brief reaction mechanism for the cleavage of PS -, under the experimental conditions maintained to obtain kinetic data listed in (1) is similar to the derived Eqn (2) with
Ion exchange catalysis
Different types of catalysis are generally named based upon either the names of different types of catalyst or apparent catalytic mechanism by which a catalyst causes its catalytic effect. Thus, ion exchange catalysis involves ionic micelle-or ionic Surf/MX/H 2 O (FN)-catalysed first-order or second-order reactions where the reactant of first-order, or one of the reactants of secondorder, reactions is similar to the counterion of the ionic surfactant and (i) MX represents inert/ nonreactive counterionic salt, (ii) the rate of reaction in the bulk water phase is significantly different from that in the micellar or FN pseudophase and (iii) the reaction mechanism remains the same for the reaction occurring in the bulk water phase as well as in the micellar or FN pseudophase. The catalytic effect of the catalyst (micelle or FN) on such reaction rates is almost entirely due to the occurrence of an ion exchange process X -/S -at the surface of the ionic micelle or FN where X -and S -represent nonreactive and reactive counterions respectively. A good example of such negative catalysis is an old and systematic kinetic study involving the effects of [MX] on pseudo first-order rate constants (k obs ) for hydroxide ion-catalysed hydrolysis of p-nitrophenyl hexanoate in the presence of cationic micelles where X = F -, Cl -, Br -, NO 3 -and SO 4 2- [10] . The observed data (k obs versus [MX]) clearly supported the parallels between the negative catalytic efficiency of the anions, NO 3 -> Br -> Cl -> F -and their capacity to lower the cmc and increase the polymerisation number for cationic surfactants [10] . [49] . Thus, at 10 mM CTABr, the fraction of micelle/FN-bound PSis 98.5% and consequently, the value of k obs (= 2.37 × 10 -3 s -1 ) at [MX] = 0 represents the (Table 3) is due to the transfer of micellised PS -to the bulk aqueous phase through the occurrence of the ion exchange process X -/PS -. (Table 4) . However, the standard deviation (= 53%) associated with the calculated value of k X is significantly large. Furthermore, the maximum contribution of k X [MX], obtained at 0.2 M MX, compared with k 0 in the numerator of Eqn (3), is only 25%, which makes the calculated value of k X less reliable. A brief reaction mechanism for the alkaline hydrolysis of NBPT at 1.0 mM NaOH is shown in Scheme 3 [21] . As mentioned earlier, Romsted and Cordes [10] carried out a systematic kinetic study on the hydroxide ion dependent hydrolysis of p-nitrophenyl hexanoate and found marked negative catalysis (they call it inhibition) in the presence of TTACl/MX/H 2 O (MX = NaF, NaCl, NaBr, NaNO 3 and Na 2 SO 4 ) FNs where the values of [TTACl] (9.0 mM) and [HO -] (pH 10.15) were kept constant while [MX] was varied at 25 °C. These interesting observations were explained qualitatively in terms of specific salt effects largely based upon the Hofmeister series of anions [51, 52] . An attempt has been made to provide a quantitative explanation of the experimentally observed data (k obs versus [MX]) of ref. [10] in terms of an empirical equation [Eqn (3)] and the mechanism of ion exchange catalysis discussed in Section 2.4 of this manuscript. We have attempted to fit the experimental data (k obs versus [MX] , where MX = NaF and NaCl) of ref. [10] to Eqn (3). The reported experimental data for MX = NaBr, NaNO 3 and Na 2 SO 4 of ref. [10] were insufficient in terms of the number of data points and [MX] range. As a consequence, these data could not give a satisfactory data fit to Eqn (3). Although the experimental value of k 0 is not presented in ref. [10] for any MX, the value of k 0 has been determined by considering k 0 as an unknown parameter along with the other unknown parameters k X and K X/S of Eqn (3). The calculated values of k 0 , k X and K X/S for MX = NaF and NaCl are summarised in Table 5 . It is noteworthy that the calculated values of k X are unreliable because the maximum contribution of k X [MX] compared with k 0 in Eqn (3) is ≤ 33% for both NaF and NaCl. As a consequence, k 0 >> k X [MX] within the experimental conditions of the study [10] . A single comparison can be made with the data obtained by the use of the probe molecule (S) NBPT where the value of K Cl/S is 92 M -1 (Table 3) and K S = 1080 M -1 [53] as compared to 79 M -1 (Table 5) , obtained with the probe [10] . The agreement is surprisingly good in spite of the different probe molecules (S) with significantly different K S values.
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Effects of concentrations of sodium 4-chlorobenzoate on k obs for the reaction of Pip with PS -at a constant [Pip] T , [PS -] T and [CTABr]
T It has been concluded in Sections 2.3.1 and 2.3.2 that the respective positive and negative FN catalysis, described in these sections, is due to the occurrence of an ion exchange process between X -and reactive counterions (S -) at the surface of the FN catalyst. All plausible ion exchange processes, in the piperidinolysis of PS -, in the presence of CTABr and MX (= 4-ClC 6 H 4 CO 2 Na, Section 2.3.1), are X -/PS -, X -/Br -, X -/HO -, Br -/PS -, Br -/HO -and HO -/PS -. However, in view of the explanations described elsewhere [5, 17] , the most effective ion exchange process that could significantly affect k obs is X -/PS -under the experimental conditions of this study. The effective occurrence of X -/PS -in related reaction systems has been found to decrease K S (S = PS -) with increasing [MX] through an empirical relationship [Eqn (4)] (4) where [45, 54] . In Eqn (4), K X/S represents an empirical constant whose magnitude is the measure of the ability of counterion X -to expel another counterion S -from the cationic micellar/FN pseudophase to the aqueous phase through the occurrence of the ion exchange process X -/S -at the cationic micellar/FN surface. It can be easily shown (Appendix I) that Eqns (2) and (4) www.prkm.co.uk It is relevant to note that the derivation of Eqns (5)- (7) 
Thus, the appearance of F X/S in Eqn (6) is not due to a theoretical basis but rather due to an empirical factor just to take account of the physical reality that the hydrophilic counterions cannot completely (i.e. 100%) expel the hydrophobic counterions from the ionic micellar/FN pseudophase to the aqueous phase at ≥ limiting concentration of the hydrophilic counterions. The limiting concentration of the counterions (say X -ions) is defined as the optimum value of [MX] at which k obs values become independent of [MX] in a typical plot of k obs versus [MX] provided k 0 ≠ k X /K X/S in Eqn (3). Such an empirical approach is not uncommon when a theoretical approach fails to explain an apparent physical reality. For example, the introduction of a "transmission coefficient" κ (an empirical constant which takes account of the fact that not every activated complex reaching the top of the potential-energy barrier is converted into a reaction product) in the "theory of absolute reaction rates"/"transition state theory" is similar to the present approach. The occurrence of ion exchange process X -/HO -and X -/Br -cannot be detected directly by the present reaction kinetic probe (i. (6) which also predicts that the value of k X should be directly proportional to k W MX (obtained at [MX] = 0) and K X/S n where K X/S n = F X/S K X/S . Similarly, the calculated values of K X/S , obtained for piperidinolysis of PS -using Eqn (3), were 49.6, 27.7 and 21.3 M -1 at 6, 10 and 15 mM CTABr respectively. These results are also in agreement with Eqn (7) where K X/S is an empirical constant. In view of Eqn (7), the value of empirical constant K X/S should be inversely proportional to the value of K S 0 .
Effects of concentrations of sodium chloride on k obs for alkaline hydrolysis of NBPT -at a constant [HO -] T , [NBPT] T and [CTACl] T The effects of [CTACl]
T on the rate of alkaline hydrolysis of NBPT, in the absence of inert organic and inorganic salt (MX), have been explained satisfactorily in terms of the PM model of a micelle [21] . A brief reaction mechanism for CTACl micellar/FN-catalysed alkaline hydrolysis of NBPT may be given by Scheme 2 [21] 
where [14] . Eqns (9) and (10) can lead to Eqn (11) . In Eqn (11), MX = NaCl, k W MX = 22.0 × 10 -3 s -1 at 1.0 mM NaOH and 35 o C and [D n ] ≈ CTACl] T at ≥ 10 mM CTACl [14] CTACl ⁄ (11) The values of K X/OH (= 92 M -1 ) and k X (= 0.139 M -1 s -1 ), calculated from Eqn (3) using the experimental data of Table 4 , were used to calculate the value of K NBPT from Eqn (11) . Such a calculated value of K NBPT is 1356 M -1 which may be compared with the reported spectrophotometrically determined value of 1080 M -1 for K NBPT [53] .
Estimation of ion exchange constants, K X
Br , or ratio of counterionic binding constants, R X Br , for X = 4-ClC 6 H 4 CO 2 -and Cl -at 10 mM CTABr and 35 °C It has been known for some decades that the structural features and hydrophobicity of counterions play a crucial and important role in the ionic micellar structural transition from spherical to stiff, flexible, linear and entangled wormlike micelles/nanoparticles [55, 56] . The binding of organic and inorganic counterions to dynamic aggregates, such as micelles/nanoparticles, www.prkm.co.uk has been studied because of their importance in data analysis of ionic micellar-mediated semi-ionic bimolecular reactions [13, 47] , industrial processes [57] [58] [59] and separation science [60] [61] [62] [63] . Qualitative experimental observations on ionic micellar headgroup interaction with counterions show that strong ionic micellar binding of counterions results in micellar solutions with viscoelasticity and strong extensional resistance [64, 65] . The empirical definition of K X/S [Eqn (4)] or K X/S n (= F X/S × K X/S ) for ion exchange X -/S -at the cationic micellar/nanoparticle surface reveals that the magnitude of K X/S n = Ω S K X /K S , where K X and K S represent cationic micellar binding constants of ions X -and S -respectively and Ω S is a proportionality constant whose value is assumed to depend only upon the molecular characteristics of S -(the ion to be expelled from the CTABr micellar surface, at a constant Cl are 3.9 ± 0.5, 2.7 ± 0.1 and 2.6 ± 0.3 for Li + , Na + and K + respectively [67] . The values of K Br Cl (= 2.7 ± 0.1 and 2.6 ± 0.3 for M + = Na + and K + respectively) may be compared with the reported values of 2-3 [68] , 2.7 [69] and 5 [70] obtained by the use of different physicochemical techniques. The values of K X/S or K X/S n can be determined using either semi-empirical kinetic (SEK) [5, 14, 31, 67] or semi-empirical spectrophotometric (SESp) [71] methods. The SEK method involves kinetic measurements of an appropriate reaction probe molecule while the SESp method involves an appropriate spectrophotometric probe molecule. The SESp method can be used to determine only the value of R X Y or K X Y . However, the SEK method can be used to determine both the value of R X Y or K X Y as well as the micelle/nanoparticle-catalysed apparent second-order rate constant (k X ) for the reaction of the probe molecule. Eqns (6) and (9) can be rewritten as Eqns (12) and (13) respectively (12) (13) where [66] which was obtained using essentially Eqns (16) and (17) or Eqn (20) . The reported value of k X (X = Br), for the alkaline hydrolysis of NBPT at 10 mM CTABr, 1.0 mM NaOH and 35 °C, is 0.211 M -1 s -1 [21] . The value of k X (X = Cl), obtained from Eqn (3) using the observed data listed in Table 4 , is 0.139 M -1 s -1 [21] . These values of k X for X = Cl and Br, were used to calculate R X Y or K X Y from Eqn (15) and such a value of R X Y or K X Y is 0.66. As mentioned earlier (Section 2.3.2) the calculated value of k X for X = Cl is relatively less reliable. Therefore the calculated value of K X/OH for X = Cl was also used to calculate R X Y or K X Y from Eqn (21) where the value of n K Y/OH (= 141 M -1 ) for Y = Br was obtained from published a report [21] and the value of n K X/OH (= 92 M -1 ) for X = Cl is from [11] , 0.37 [30] , 0.59 [69] , 0.20 [70] , 0.32 [72] , 0.17 [73] and 0.38 [74] . The value of K X Br for X = Cl (= 0.65), obtained using the experimental data listed in Table 4 , is comparable with some of these reported values. The values of K X/S (S = OH), listed in Table 5 www.prkm.co.uk limiting concentration of the nonreactive hydrophilic or moderately hydrophobic counterions (X). Eqns (A3)-(A5) are the same as Eqns (5)- (7) respectively.
APPENDIX II
One of the major assumptions of the PM model states that the micellar binding processes of different solubilisates are independent of each other which, in turn, implies that the values of micellar binding constants of different solubilisates must be independent of each other. Since an ion exchange constant for a counterionic exchange process at an ionic micellar surface is merely the ratio of the ionic micellar/FN binding constants of the exchanging counterions, therefore different ion exchange constants for various counterionic exchange processes at the ionic micellar surface should also be independent of each other. 
